Artworks provide sets of sensory stimuli that allow special insights into cognitive processes complementing results obtained with other experimental paradigms. Examples are given from visual art and music using behavioral measures and neuroimaging technology (fMRI). The following topics are addressed: creation and maintenance of personal identity, difference or equivalence of aesthetic and moral judgments, appreciation of Eastern and Western visual art, differences in sensory processing of naturalistic and surrealistic art, importance and traps of mental frames and prejudices, effect of emotional priming on the central representation of sensory stimuli, value of single case studies, personality characteristics as predictors, and usefulness of controlled introspection in analyzing contents of episodic memory, in particular with respect to aesthetic and health-promoting appreciation of environments. Furthermore, the necessary distinction between anthropological universals and cultural or individual specifics is stressed in sensory processing of artworks.
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Introduction: A landscape of challenges
Research in psychology is characterized by qualitatively different paradigms that are believed to allow insights into cognitive mechanisms. One reason for such multiple approaches which cannot be integrated easily to obtain a unified concept of perceptual and cognitive processes may be the lack of a classification or taxonomy of functions [1] . As a consequence some researchers prefer a psychophysical approach using for instance simple stimuli like dots, lines or Gabor patches in studies on visual perception which are believed to be the Rosetta stone to understand the human mind. Others prefer an ecological approach using real world scenarios as has been successfully done in developmental psychology or human ethology. Others again believe in a linguistic approach which is based on the concept that psychological phenomena are veridically reflected in speech, by neglecting however the importance of implicit and pictorial knowledge [2] . A remaining challenge for all approaches is whether sensory processing is mainly controlled by bottom-up or top-down mechanisms, although both would apply if one adopts complementarity as a generative principle for human cognition in general and sensory processing in particular [3] .
New technological developments allow a deeper understanding of cognitive mechanisms. Since neuroimaging was introduced, a powerful tool in studying neural underpinnings of cognition is now available. Neuroimaging techniques such as functional magnetic resonance imaging (fMRI) provide a measure of local brain activity which is referred as blood-oxygen-level-dependent signal (BOLD), in response to cognitive tasks undertaken during scanning. These data allow the cognitive and clinical neuroscientist to relate particular brain regions to cognitive functions.
We have chosen art as a potentially rich source of stimuli to obtain a better insight into cognitive mechanisms. We believe that perceptual stimuli extracted from the arts like music [4] , paintings [5] or poetry [6] allow a unique access to higher cognition complementing other experimental paradigms. In what follows we give some examples from recent studies that demonstrate how useful such an alternative approach can be. We address questions of mental framing and the importance of sensory priming; we discuss problems of personal identity and the self ; we demonstrate that the brain distinguishes effortlessly the physically possible from the impossible; we show that aesthetic and moral judgments share similar neural networks; we indicate that personality factors are important predictors for perceptual processing; we stress the importance of episodic memory in evaluating the beauty of environments; we report about different representations of the visual world in Eastern and Western art. A unifying principle of our endeavor is to focus on anthropological universals and cultural or individual specifics in the arts, and how they allow a deeper understanding of cognitive mechanisms.
Cortical midline structures and the self
Theoretical discourse in philosophy or science and experimental studies on the self in contrast to others have a long tradition, but no generally accepted understanding exists on what the self is or might be. Recently, neuroimaging studies have identified brain regions, predominantly cortical midline structures involved in the processing of stimuli that refer or relate to the self --internal point of view [7, 8] . Although a theoretical model which encompasses anterior (orbitofrontal cortex, dorsomedial prefrontal cortex, anterior cingulate cortex) and posterior (precuneus, posterior cingulate cortex) midline structures in the differential processing of the self was introduced [9] , none of the studies demonstrated the interconnections between distinct self-processing components. In a single case study using fMRI we investigated different components of self-processes in order to elucidate corresponding neurobiological underpinnings [10] . An eminent professional opera singer with a profound performance experience was exposed to excerpts of Mozart arias, sung by herself or another singer. The results indicate a distinction between self-and other conditions in cortical midline structures, differentially involved in self-referential and self-related processing. Thus, a strong professional identity of the subject facilitates the processes of recognition, evaluation and monitoring the self (anterior midline structures) an external point of view. Activation in precuneus (posterior midline structures) and subcortical structures provided the self-related integration of the stimuli to the personally related context, her autobiographical experience [11, 12] , hence represents an internal point of view on the self. This study demonstrates in addition how important single-case studies are, as has been shown for instance in the work of Luria [13] .
Aesthetic and moral judgments
Who we are is also expressed in our judgments, and we have chosen aesthetic and moral judgments to see whether such judgments share anthropological universals or whether they are mostly determined by personal or cultural factors. The main idea is that both aesthetic judgments (AJ) and moral judgments (MJ) rely on a gutfeeling which enables us to make a decision [14] . We tested this hypothesis in an fMRI study, where we compared AJ with MJ directly [15] . Our findings suggest that both AJ and MJ rely on frontal network related to social cognition, namely the orbitomedial prefrontal cortex. However, MJ also elicited some unique activation in the precuneus and temporo-parietal junction, regions related to an external point of view, or better yet the minds of others (or Theory of Mind ToM). Another interesting factor in moral decision-making is the perspective of the decider towards the moral situation. Two types of stimuli have been used in moral research (moral dilemmata or emotionally-laden). Several differences between these stimuli types have been suggested [16] , but the participant's perspective towards the moral stimuli seems to be the most striking. Research in social psychology suggests that the person's perspective can also be influenced by the so-called - [17] . We employed fMRI in order to study the neural correlates of moral judgments in 1st-or 3rd person perspective (1PP and 3PP). Our results indicate different neural mechanis -in 3PP. Although common activation in the anterior medial prefrontal cortex was found, probably due to the area's role in integrating different information types and / or ToM, the 3PP's unique activation (compared to 1PP) in hippocampus and visual actor-observer bias . We suggest two possible ways in which the hippocampus may support the process of moral judgment: by the engagement of semantic memory and its role in understanding the behaviors and emotions of others [18] .
Cultural constraints in Eastern and Western art
Although aesthetic and moral judgments are characterized by anthropological universals, the question remains whether within such a unifying frame cultural specifics can be identified. This has been tested for pictorial representations. When traditional artworks between East and West are compared, Western and Eastern artists tend to use different perspectives to represent the world. Since the Renaissance period, Western artists start to use geometric perspective to give a distance cue. However, Chinese and also Japanese artists tend to use a reversed perspective: objects closer to the viewer are usually depicted as smaller compared to objects far away. Besides this difference, Western artists favor object-centered scenes, Eastern artists prefer more context-oriented scenes; Western artists frequently show a direct facing view in their paintings, Eastern artists typically demonstrate an indirect sideway view in their scenes; Western artists are inclined to capture a specific moment from one fixed standpoint, Eastern artists favor to integrate different time and space for a holistic representation which can be best perceived with a floating view. On the basis of these theoretical analyses, a study was conducted aiming to find out whether these different ways of representation influence the aesthetic preference for traditional Chinese and Western paintings in different cultural groups [19] . Traditional Chinese and Western paintings were presented randomly for an aesthetic evaluation by Chinese and Western subjects on an 8 point scale. Two categories of paintings were selected: landscapes and people in a scene. The results showed a reversed pattern of aesthetic preference for typically represented Chinese and Western paintings. While Chinese subjects gave higher aesthetic scores to traditional Chinese paintings than Western paintings, Western subjects did the opposite, i.e., giving lower aesthetic scores to traditional Chinese paintings than Western paintings. These results suggest that the way of how artists represent the world in their paintings influence the way of how culturally embedded viewers perceive and appreciate different types of paintings. The cultural difference in aesthetic preference for traditional visual art is possibly related to different perceptual habits and social practice in everyday life of different cultures.
Beneficial and aesthetic environments
As pictorial representations in the arts are different, one has to ask the question whether representatives of different cultures also perceive their environments differently. There is still scarce knowledge on the impact of various qualities of environmental stimuli in terms of positive resources. A classic but still inspiring study showed that patients viewing trees through hospital windows recovered from surgery faster and needed less pain medications than those who viewed walls [20] , although the mechanisms for such effects remain unclear. Most recent findings linked improved cancer outcomes to positive environment via neuroendocrine brain-adipocyte axis [21] , what shows how far-reaching the positive interaction between the organism and its living space may be. The complexity of cognition and unique life experience cause humans to react to similar environments in individual ways. This has led us to study health-relevant and aesthetically valued environments in a novel way [22] , through mental imagery, that is an ability to generate mental representations of a stimulus in the absence of the stimulus itself, but preserving its perceptual aspect. We enrolled 16 healthy subjects with high mental imagery capacities and asked them to visualize while lying in an fMRI scanner self-defined health-promoting and healthdetrimental as well as beautiful and non-beautiful environments. Interestingly, even though the chosen environments varied widely among subjects regarding physical features, such as location and amount of natural and built components, we found a consistent brain activation pattern for the first two conditions. An inter-group analysis revealed a significantly higher activation as indexed by the blood-oxygen-dependent (BOLD) signal in the left pre -detrimental imagery condition. For the second pair of stimuli, activations in the anterior cortical midline structures, right superior frontal gyrus and left superior, middle, inferior frontal gyrus, insular cortex, orbitofrontal cortex and temporal -findings in the following interpretation context. First, as brain activation patterns represent mental processing, it can be hypothesized that the weaker BOLD-signal for health-beneficial and beautiful scenarios indicates less effort in neural processing and a lower cognitive load [23] . Second, humans imagine very different environments as healthrely on most of the same neural machinery [24] , what makes an extrapolation into perceptual domain justified. Interestingly, the same experimental paradigm using allows to evaluate the aesthetic characteristics of a natural or artificial environment.
Personality as a predictor
Although the results reported above indicate anthropological universals in processing perceptual stimuli and creating and maintaining personal identity, cultural and personal specifics are equally important and can even be identified as predictors. As an experimental paradigm we have used music perception, as music communicates and evokes emotions. While the number of studies on the neural correlates of emotion and music recently has grown, only few studies have addressed the question which factors possibly modulate these neural responses. Since personality traits may account for individual variability of neural responses, we tested whether the dimensions Extraversion and Neuroticism are correlated with differences in brain reactivity to musical stimuli expressing the emotions happiness, sadness and fear, using functional magnetic resonance imaging (fMRI). Neurofunctional analyses revealed that Neuroticism was positively correlated with activations in bilateral basal ganglia, insula and orbitofrontal cortex in response to music expressing happiness. Our findings show that [25] . Other factors will have to be identified to obtain a clearer picture of the predictive power of personality traits in health and disease.
Art and non-art as a frame
Every perceptual process is embedded within a specific frame which often remains implicit [2] . On the basis of this concept some underlying neural mechanisms of different perceptual frames were examined by evaluating the artistic status of an image and its effect upon the observant. We determined how the perception of a body in an artwork can be distinguished from the perception of a body in a non-artistic photography [26] . Subjects with no Paintings were chosen for the category artistic images, and photographs for the category non-artistic images. While viewing different body representations in both artworks and photographs, subjects were required to evaluate the appeal of the portrayed persons. A subtraction analysis was conducted to compare artistic and nonartistic condition in order to determine potential differences in the BOLD signal levels during the different perceptual conditions. There was a significantly higher activation in the right parietal cortex and in the extrastriate cortex bilaterally while observing a body within the context of art. The perception of a body within a non-artistic frame of reference could be linked to higher activity in the ventromedial prefrontal cortex and the primary visual cortex. The results adjoin to previous propositions to understand the experience of visual art as characterized by motor mapping, visuo-spatial coding and embodiment. The process of embodied simulation is said to allow the experiential understanding of emotional and intentional contents of images [27] . This might above all be crucial in dealing with artworks as they are not necessarily comprehensible on a formal level [28] . In contrast, the higher activity in ventromedial prefrontal cortex and primary visual cortex during the perception of a body in a nonartistic frame of reference can be linked to processes of person evaluation. Previous research ascribes the ventromedial prefrontal cortex an important role in person evaluation [29, 30] . Probably, the task to judge the appeal of a person in a photograph might be more daunting and, thus, cause emotional and even moral challenges being reflected in the ventromedial prefrontal cortex activity. Humans apparently own a sensitive mechanism to separate artistic representations of the visual world from non-art images.
Looking at naturalistic and surrealistic pictures
Artworks may either represent the world in a naturalistic way or differ from habits of viewing. Investigating the underlying mechanisms of perceiving artworks that are distinct in the accessibility of effortless recognition and meaning extraction, we conducted an fMRI study using paintings with either naturalistic or surrealistic depictions [31] . A significantly higher activation was found in the precuneus and visual cortex when observing naturalistic paintings. Thus naturalistic paintings are associated with an activation pattern indicating stronger feedback-signals between areas of higher and lower cognitive functions, which are characteristic for top-down processing. The precuneus, an area associated with visuo-spatial imagery, episodic memory retrieval as well as self-related operations, appears to be sensitive for the semantic content of the stimuli processed. Apparently the naturalistic paintings are processed in a self-related manner, while surrealistic paintings do not provide an effortless integration of pictorial representations. With this evidence visual arts perception is for the first time linked to an underlying processes and thus neural substrates sensitive to separate the impossible from what potentially matches physical reality within the arts.
The power of priming
Changing the semantic and affective context modulates the processing of visual art. Those modulations reveal certain aspects of the psychological function of art. A specific context highlighted in research is mortality salience, i.e. accessibility to death-related ideation. Artworks convey cultural values, and cultural belonging is assumed bolster mortality concerns [32] . In an fMRI study [33] the mortality salience effect was investigated on a neural level. A specific increase of precuneus activity was found. This modulation suggests a stronger integration of the paintings in a self-related manner when mortality is made salient. It implies an inherent significance of artworks in providing cultural embedding. A death-related priming effect has also been found in association with attractiveness [34] . In heterosexual participants attractive opposite-sex faces were processed with an increased activation in the anterior insula under mortality salience. This modulation of insular activation, which is associated with desire and mating, might indicate a stronger attraction to the presented faces. The neuroimaging results on mortality salience effects provide evidence that priming can modulate the neurocognitive processing of visual stimuli. With death in mind, either explicitly or implicitly, humans appear to be more open and tolerant towards others and towards the works of arts. As we are continuously influenced by semantic and affective contexts and cues that are shaped by personal and cultural backgrounds, sensory priming as well as mental framing effects have to be taken into account when seeking to understand visual perception in particular and cognitive mechanisms in general.
Conclusion: New challenges
We have shown with the different examples sketched above that the use of sensory stimuli from artworks and their experimental manipulation provide in our view an excellent empirical paradigm for a better understanding of the cognitive machinery. In particular, the combination of behavioral studies and advanced imaging technology as fMRI allows a major step forward, although we are aware of the limitations of the latter [23] . We see future as an experimental tool tapping directly subjective representations. Other challenges concern brain imaging: At present, there is a danger to fall into the trap of phrenology by over-interpreting changes of activation in regions of interest. One promising direction to evade this trap could be the application of mathematical distance measures in comparing the entire spatio-temporal activation patterns under different experimental conditions. As a first step Euclidean distances can be applied which, however, would imply statistical independence of different regions of interest; but there are other mathematical tools available that take into account correlations of different magnitude between such areas, and which might be successfully implemented for using fMRI as an experimental technique by providing numerical distances and, thus, allowing other perspectives and new frames of reference in the interpretation of the activation patterns which are psychologically meaningful.
